Five new cardenolide glycosides, amurensiosides L-P (1-5), were isolated from the roots of Adonis amurensis. Their structures were determined based on extensive spectroscopic analysis, including two-dimensional (2D) NMR data, and on the results of hydrolytic cleavage. Compounds 1-5 were evaluated for their cytotoxic activities against HL-60 human promyelocytic leukemia and HSC-2 human oral squamous cell carcinoma cell lines.
The plant Adonis amurensis Regel et Radde (Family Ranunculaceae) is found mainly in Japan, Russia, and China. Previously, we have reported 11 pregnane glycosides (amurensiosides A-K) from the fresh roots of A. amurensis [1] . Further phytochemical investigation of the MeOH extract of this plant has resulted in the isolation of five new cardenolide glycosides, designated amurensiosides L-P (1) (2) (3) (4) (5) . This paper reports the structural elucidation of 1-5 based on extensive spectroscopic analysis, including 2D NMR data, and on the results of hydrolytic cleavage. The cytotoxic activities of 1-5 against HL-60 human promyelocytic leukemia and HSC-2 human oral squamous cell carcinoma cell lines are also reported.
The fresh roots of A. amurensis were extracted with MeOH. The MeOH extract was passed through a porous-polymer polystyrene resin (Diaion HP-20) column, and the EtOH-eluted fraction was subjected to column chromatography (CC) using silica gel and octadecylsilanized (ODS) silica gel, giving amurensiosides L-P (1-5) ( Figure 1 ). Amurensioside L (1) was obtained as an amorphous solid, and its molecular formula was determined as C 49 H 78 O 18 based on highresolution (HR) electrospray ionization (ESI)-time-of flight (TOF) MS data (m/z: 977.5145 [M + Na] + ). The IR spectrum of 1 showed absorption bands for hydroxy groups at 3419 cm -1 and for the carbonyl group of an ,-unsaturated five membered lactone moiety at 1754 cm -1 . The 1 H NMR spectrum contained signals for two methyl groups at  H 1.00 and 0.85 (each s, Me-18 and Me-19), an oxymethylene group at  H 5.30 and 5.04 (each dd, J=18.1, 1.5 Hz, H 2 -21), and an olefinic group at  H 6.13 (br s, H-22), which are characteristic of the cardenolide skeleton. It also contained signals for four anomeric protons at H hydrolysis of 1 with 0.025 M HCl gave 3β,14β-dihydroxycard-20(22)-enolide (digitoxigenin) [2] as the aglycone, and D-cymarose, D-diginose, D-digitoxose, and D-glucose as the carbohydrate moieties. Identification of the monosaccharides, including their absolute configurations, was carried out by direct HPLC analysis of the hydrolysate, using a combination of refractive index (RI) and optical rotation (OR) detectors. The 1 H-1 H COSY experiment with 1 allowed for the sequential assignments from H-1 to H 2 -6 or Me-6 of each monosaccharide. These proton resonances correlated with those of the one-bond coupled carbons in the HMQC spectrum. Their 1 H signal multiplet patterns and coupling constants ( Table 1) , and 13 C signal assignments (Table 2) indicated that the sugar moiety of 1 was composed of a terminal -D-glucopyranosyl unit (Glc′′′′), a C-4 substituted -D-diginopyranosyl unit (Dgn′′′), a C-4 substituted -D-cymaropyranosyl unit (Cym′′), and a C-4 substituted -D-digitoxopyranosyl unit (Dgt′) [3] [4] [5] . The -orientations of the anomeric centers of the Dgt′, Cym′′, Dgn′′′, and Glc′′′′ units were ascertained from the relatively large 3 J H-1,H-2(ax) values of their anomeric protons (7.7-9.6 Hz). In the HMBC spectrum of 1 ( Figure  2 These data suggest that 2 is a digitoxigenin pentaglycoside. Using the same procedures as described for 1, the 1 H and 13 C NMR signals arising from the sugar moieties of 2 (Tables 1 and 2) 
Based on the HRESI-TOFMS results (m/z: 993.5066 [M + Na] + ), amurensioside N (3) had a molecular formula of C 49 H 78 O 19 . The 1 H and 13 C NMR spectral features of 3 were similar to those of 1. However, the molecular formula of 3 was greater by one oxygen atom than that of 1, and the signals for the C-11 methylene group at  H 2.07 (2H) and  C 21.9 in 1 were replaced by those assigned to a hydroxymethine group at  H 4.07 and  C 67.7 in 3. The HMBC correlations between  C 67.7 (C-11) and  H 2.07 (H-9),  H 1.93 (H-12a), and 1.85 (H-12b) were consistent with the presence of a hydroxy group at C-11. The proton spin-coupling constants (10.1, 10.1, and 4.5 Hz) of H-11 indicated that the C-11 hydroxy group had an -equatorial-orientated configuration. Comparison of the 1 H and 13 C NMR spectra of 3 with those of sarnovide [sarmentogenin (=11-hydroxy digitoxigenin) 3-O--D-digitalopyranoside] [6] showed the aglycone of 3 was the same as that of the reference compound. In the sugar sequence of 3, the tetraglycoside attached to C-3 of the aglycone was shown to be identical to that of 1 based on the 1 H and 13 C NMR (Tables 1 and 2 [2] as the aglycone, and D-cymarose, Ddiginose, D-digitoxose, and D-glucose as the carbohydrate moieties. The 1 H and 13 C NMR spectra, and HMBC data of 5 showed that the tetraglycoside attached to C-3 of the aglycone was the same as that of 1 and 3. Thus, the structure of 5 was assigned as strophanthidin
Amurensiosides L-P (1-5), digitoxigenin (1a), and strophanthidin (5a) were tested for cytotoxicity against the HL-60 and HSC-2 cell lines, with the IC 50 data shown in Table 3 . Compounds 1, 2, 4 , and 5 showed potent cytotoxic activities against HL-60 cells with IC 50 values of 0.057, 0.047, 0.044, and 0.048 M, and against HSC-2 cells with 0.21, 0.22, 0.44, and 0.22M, respectively. Etoposide, used as a positive control, had IC 50 values of 0.34 and 24 M, respectively, against HL-60 and HSC-2 cells. As expected from a previous study [7] , steroidal aglycones, 1a and 5a displayed weaker cytotoxic activities against HL-60 cells than the hexa-and pentaglycosides 1, 2, and 5 (IC 50 : 1a, 0.22 M; 5a, 0.192 M).
The present phytochemical study of the roots of A. amurensis resulted in the isolation and characterization of five new cardenolide glycosides, amurensiosides L-P (1-5). The oligoglycosides attached to C-3 of the aglycones of 1-5 are new tetra-and pentaglycosides consisting of deoxysugars characteristic of plant pregnane and cardiotonic glycosides. Compounds 1-5 exhibited potent cytotoxic activities against HL-60 and HSC-2 cells.
Experimental
General: Optical rotations were measured using a JASCO P-1030 (Tokyo, Japan) automatic digital polarimeter. IR spectra were recorded on a JASCO FT-IR 620 spectrophotometer, and UV spectra on a JASCO V-630 spectrophotometer. NMR spectra were recorded on a Bruker DRX-500 spectrometer (500 MHz for 1 H-NMR, Karlsruhe, Germany) and a Bruker AV-600 (600 MHz for 1 H-NMR) spectrometer using standard Bruker pulse programs. Chemical shifts are given as -values with reference to tetramethylsilane (TMS) as an internal standard. ESI-TOFMS data were obtained on a Waters-Micromass LCT (Manchester, UK) mass spectrometer. Porous-polymer polystyrene resin (Diaion HP-20, Mitsubishi-Chemical, Tokyo, Japan), silica gel (300 mesh, Fuji-Silysia Chemical, Aichi, Japan), and ODS silica gel (75 m, Nacalai-Tesque, Kyoto, Japan) were used for column chromatography. TLC was carried out on precoated silica gel 60 F 254 (0.25 mm, Merck, Darmstadt, Germany) and RP-18 F 254S (0.25 mm thick, Merck) plates, and compounds were visualized by spraying with 10% H 2 SO 4 aq. solution followed by heating. HPLC was performed by using a system comprised of a CCPM pump (Tosoh, Tokyo, Japan), a CCP PX-8010 controller (Tosoh), either an RI-8010 (Tosoh) or a Shodex OR-2 detector (Showa-Denko, Tokyo, Japan), and a Rheodyne injection port. The following reagents were obtained from the indicated companies: Dulbecco's modified Eagle medium (DMEM) (Gibco, Grand Island, NY); fetal bovine serum (FBS) (JRH Biosciences, Lenexa, KS); penicillin G sodium salt and streptomycin sulfate (Meiji-Seika, Tokyo, Japan); RPMI1640 medium and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) (Sigma-Aldrich, St. Louis, MO). All other chemicals used were of biochemical reagent grade. 
Acid hydrolysis of 1:
A solution of 1 (15.1 mg) in 0.025 M HCl (dioxane-H 2 O, 1:1, 2 mL) was heated at 95ºC for 90 min under an Ar atmosphere. After cooling, the reaction mixture was neutralized by passage through an Amberlite IRA-96SB column and then required to inhibit 50% cell growth and is the average of three chromatographed on ODS silica gel eluted with MeCN-H 2 O (1:1) to give an aglycone (digitoxigenin, 2.5 mg) and a sugar fraction (2.7 mg). The sugar fraction was analyzed by HPLC under the following conditions: column, Shodex Sugar SC1011 (8.0 mm i.d. x 300 mm, 5 m, Showa-Denko); solvent, H 2 O; flow rate, 1.0 mL/min; column temperature, 80ºC; detection, RI and OR. Identification of D-glucose, D-cymarose, D-diginose, and D-digitoxose was carried out by comparison of their retention times and optical rotations with those of authentic samples; t R (min) D-glucose (7.63, positive optical rotation), D-cymarose (9.22, positive optical rotation), D-diginose (9.61, positive optical rotation), and D-digitoxose (9.61, positive optical rotation).
